In vitro organogenesis of a lowland species of Colocasia esculenta sp. esculenta L. cv. Latiraj was assessed in relation to explant types (meristem, parenchymatous tissues and storage tissues); three levels of each of NAA, BAP, Kn, and 2,4-D; four culture environments, such as 16h 3000 lux light intensity, 24±2°C, 24h dark + 24±2°C, 24h dark + 30±3°C, and 12h diffuse light + 30±3°C.
Introduction
The lowland species of Colocasia esculenta ssp. esculenta L. is locally known as Panikachu (lowland taro) and the only recommended cultivar in Bangladesh is known as Latiraj. It is grown in marshy land or in high land with artificial irrigation in about 40,000 ha of land in Bangladesh (Rashid, 1991) . Nutritionally, this crop is highly rich, particularly the stolon, leaf blade, and leaf stalk. 100 g leaf blade of Colocasia esculenta ssp. esculenta L. contains about 115 mg vit.-C, which is equivalent to 300 ml orange juice in term of vit. C (Rashid, 1991) . The 386 HOSSAIN cv. Latiraj is particularly excellent for producing stolon which can be used to prepare delicious dishes. There are other species of Colocasia esculenta ssp. esculenta L. which are grown for producing quality rhizome. The stolon of Latiraj contains very low acridity and has a yield potential of 40-50 tons of stolon per hectare (Rashid, 1991) .
The recommended cv. Latiraj produces suckers which are the propagating materials. A large number of germplasm of lowland species of colocasia is now in collection of the Tuber Crops Research Centre. They are being cultivated in the field by conventional propagation method which involves more labour, more space, time and expensive but unsafe from natural hazards. It is observed that the diseased suckers survived poorly after planting in the field, which resulted in poor performance in respect of plant growth and yield. Akhond et al. (1997) partially examined the in vitro development of Colocasia esculenta L in relation to conservation of plantlets with high level of sucrose, while Tariguchi and Tanaka (1988) reviewed the extent of use of tissue culture for Colocasia esculenta. According to them, most of the species of Colocasia esculenta contaminated with endogenous pathogens and thus it is difficult to obtain disease free planting materials, although disease free planting materials may be developed through repeated meristem culture (Hartman, 1974; Staritsky et. al., 1986) . Westcott et al. (1977) , Staritsky et al. (1986) , Pathirana (1991) and Akhond et al. (1997) used different levels of sucrose in order to prolong the subculture interval.
Some researchers have tried to develop in vitro maintenance techniques of different species of taro (Staritsky et al., 1977; Bessembinder et al., 1993) and Yamamoto and Matsumoto (1992) studied the corm formation and growth habit of Colocasia escutenta. However, a suitable protocol for in vitro differentiation and propagation of Cotocasia esculenta are yet to be determined. Therefore, this experiment was designed to develop a suitable tissue culture protocol using different explants of lowland species of colocasia.
Materials and Method
About 15-20 cm tall suckers of the recommended cultivar Latiraj were used. Three different parts, such as meristem, parenchymatous tissues and storage tissues were used as explants. The size of excised meristem varied from 0.5 to 0.8 mm long, while parenchymatous tissues and storage tissues were cut into cubes, weighed to about 300-350 mg.
All the leaves of the suckers were cut off, leaving only 2-2.5 cm long suckers. The rhizome part was cleared by peeling off the outer layer with a knife carefully. The explants were sterilized by washing in running tap water followed by 70% ethanol for three times (10 minutes each time) and 10 minutes soaked in 1.5% chlorine water with few drops of Tween 20. The explants were then washed with distilled and autociaved water for five times under laminar air flow cabinet (Hossain, 1988) .
Organic salts of MS media were used. Four different plant growth regulators (2 from auxin group and 2 from cytokin group) each at three different levels {auxins: a) NAA: 1.0, 2.0, and 3.0 mg/l; b) 2,4-D: 3.0, 6.0, and 9.0 mg/l and cytokinin: c) Kn: 1.0, 3.0, and 5.0 mg/l; d) BAP: 1.0, 5.0, and 10.0 mg/l} were used. Three culture media were prepared combining Kn+NAA, Kn+2,4-D and NAA+BAP in all possible combinations. There were 10 treatments in each group including the control (without growth regulators).
The cultures were incubated in four different environments {a) 3.0 Kl light intensity for 16h and 24±2°C; b) 24h dark and 24±2°C; c) 24h dark and 30±3°C; d) 12h diffuse light and 30±3°C}. Five cultures were included in each replication. The data were analyzed using a CRD design and mean separation was done by LSD.
Results and Discussion
Isolated meristem cultured on MS media supplemented with Kn+NAA and incubated in light or dark at 24±2°C, showed poor response with low morphogenic intensity (Fig. la) . The cultures responded upto Kn 3.0+ NAA 3.0 and no differentiation occurred when Kn increased upto 5.0. Here, NAA levels seemed to be ineffective because all levels of NAA with upto Kn 3.0 showed response, which is indicative that Kn 5.0 negatively affected in vitro differentiation of Colocasia esculenta. Mix-Wagner (1993) obtained 70-80% regeneration of Colocasia esculenta with the addition of 2.0 mg/I BAP and 2.0 mg/1 NAA which increased to 80-110% with lowering the level of NAA to 1.0 mg/1. While cultures of the control responded more quickly than some other treatments which received PGR. On the average, differentiation occurred within 18 to 22 days in the light and 20 days in the dark. The morphogenic intensity was slightly better in the light (av. 2.5) than that occurred in the dark (av. 1.5). The cultures in the dark became albunated which upon transfer to the light after 10 to 12 days found to be pigmented and normal growth (Fig. Ib) . It was observed that root growth was earlier than first open leaf came up. Root growth intensity was also poor (av. 2.0 per microplant). Zhou et al. (1998) cultutred Colocasia esculenta with different stress of NaCI and observed that roots of Colocasia esculenta were very much sensitive to NaC1 even root growth was slow in the treatment with NaCI. Plant height and number of open leaves per plant were also lower in the light than that in the dark. It was influenced by darkness which was reported earlier (Staritsky et al., 1977; Dodds and Roberts, 1985) . Dark condition makes the plant lanky and tall. No sucker was formed. Dark condition found to have a positive effect on number of roots (max. 7 in dark and 5.0 in the light), while growth of root was better in the light (av. >8 cm) than in the dark (av. 3.5 HOSSAIN cm). An early dark treatment for a period of at least 2 weeks was found to have a poor effect on overall in vitro development of Colocasia esculenta. But the growth intensity of plant under both light and dark conditions was not satisfactory. Moreover, new shooting and rooting delayed, probably Kn and NAA in combination with the stated levels was not effective for in vitro organogenesis of Colocasia esculenta. Ns, Not significant; na, Not analysed * =After transfering to light condition + = indicates infensity (used 1-6 seale, 1=very poor and 6= excellent) Lsd 1% 3.39 2.11 ns 2.12 ns ns 3.16 ns Ns, Not significant; na, Not analyzed * =After transfering to light condition + = indicates infensity (used 1-6 seale, 1=very poor and 6= excellent)
Parenchymatous tissues was cultured on MS with the same combinations of Kn + NAA as of meristem culture. Parenchymatous tissues cultured at both light HOSSAIN and dark conditions showed very good response in respect to differentiation, new shooting, and rooting. The cultures of most of the treatments differentiated within 8-12 days when cultured in the dark, which after 2 weeks found to be albunated and transferred to the light condition. Otherwise, dark condition was better for most of the parameters than the light condition. Moreover, parenchymatous tissues showed excellent growth intensity (av. >5 in a 1-6 scale) for days to new shooting and rooting (Fig. 1c) . The control treatment showed performance as previously in respect of growth and morphogenic intensity. The cultures which initially received a 2-week dark condition showed better shoot and root growth status than those in light from starting. In the light, plant attained maximum 5.0 cm height with 4 leaves compared to 8 cm height and 4 leaves in the dark. No stolon was formed. Number of roots per plant was higher in the dark condition (max. 10 roots and max. length 3.0 cm) as compared to light condition (max. 8 roots and max. length 1.6 cm). The cultures of the control treatment under both light and dark conditions formed 1-5 roots having 2.5 -3.5 cm long (Table  2) . Table 3 shows performance of excise meristems cultured on MS with NAA + BAP. Differentiation and rooting appeared almost at the same time ( about 15 days), while new shooting was earlier when the cultures received early dark treatment than these were at the light from starting, which agreed with the findings described earlier (Staritsky et al., 1977; Bessembinder et al., 1993) . Plant growth status in terms of plant height, number of leaves and number of suckers was quite good in comparison to control. NAA + BAP has a very good effect on sucker development (Fig. 1d) . No sucker was developed in some treatments at random (Table 3 ). The reason is obscure. While the cultures which were kept in the dark for 15 days initially developed stolons profusely, which is indicative that initial dark condition has a positive effect on stolon development. Under light condition, the maximum number of roots per plant was 6 with NAA 1.0 or 2.0 and BAP 10.0 or 1.0. These treatments also formed similar number of roots per plant under dark condition. The maximum length of root under both light and dark condition were 4.5 and 3.6 cm, respectively, against 3.0 and 4.8 cm under the control treatment, respectively. Mix-Wagner (1993) used CCC, BAP, NAA and zeatin at different concentrations to maximize regeneration of plantlets from callus mass of Colocasia esculenta in order to obtain higher regeneration rate (85-102.5%) with 2.0 mg/l BAP + 2.0 mg/l NAA, which was also increased by lowering the level of NAA (0.1 mg/l). Yam et al. (1991) tried to increase the rooting status of in vitro plantlerts of Colocasia esculenta with the addition of 100 ml coconut water in ½ strength MS.
Isolated parenchymatous storage with NAA + BAP cultured at 16h light or dark and at 24°C showed excellent growth performance (Table 4) . Differentiation occurred within 10-12 days against 20 days in the control. While new leaf and root growth noticed almost simultaneously after 13-16 days, which was 22 to 26 for the control. The cultures in the dark with the start of differentiation showed tendency of albunation and then transferred to light for better growth. In most of the treatments, plant growth and rooting status were quite good compared to the control (Fig. le) . The parenchymatous storage tissues cultured on MS with NAA and BAP under light remained almost intact for the first 30 days and then turn to yellowish slowly which became greenish with shiny pimples after 50 days indicating that protocorm may be developed. The cultures in the dark neither proliferated nor survived though callus development occurred very slowly. Fig. 1 . * After transferring to light condition +Indicates intensity (using 1-6 arbitrary scale, 1 = very poor and 6 =excellent) Different stages of in vitro growth and development of Colocasia esculenta sp. esculenta L., a) Isolated meristem cultured on MS media supplemented with Kn+NAA and incubated in light or dark at 24±2°C showed poor response with HOSSAIN low morphogenic intensity, b) The microplants became pigmented and showed normal growth upon transfer to light condition from dark after 10-12 days, c) Microplants derived from parenchymatous tissues showed excellent growth intensity, d) The culture in combination of NAA and BAP gave excellent growth performance with sucker development, and e) The growth of microplants was better in most of the treatments compared to the control (microplant on the right received PGR and on the left did not). Ns, Not significant; na, Not analyzed * After transfering to light condition, + Indicates intensity (used 1-6 arbitrary scale, 1 = very poor and 6 =excellent)
Conclusion
From the above discussion, it may be concluded that meristem or parenchymatous tissues were equally good for plant regeneration of Colocasia esculenta. Though Kn and NAA in combination found active for plant regeneration. Kn and 2,4-D were ineffective for either callusing or regeneration. All levels of BAP (1.0, 5.0, and 10.0 mg/l) and NAA (1.0, 2.0, and 3.0 mg/l) in combination were found very good for plantlet regeneration from both meristem and parenchymatous tissues under both light and dark conditions. The developed plantlets under the dark became lanky and light greenish compared to that of light (luxuriant growth and deep green foliage). No culture at 30±3°C either survived or proliferated.
